The new water-soluble complex [RuH(OOc) (mtppms) 3 ] (OOc = octanoate, mtppms = monosulfonated triphenylphosphine) was synthesized and -together with the known [RuH(OAc)(mtppms) 3 ] (OAc = acetate) -applied for aqueous-organic biphasic hydrogenation of cinnamaldehyde as well as for hydrogenation of soybean liposomes under mild conditions. The complexes showed pronounced selectivity (up to 75%) towards the hydrogenation of the C = O function in the α,β-unsaturated aldehyde; the selectivity was influenced by the pH of the aqueous phase and the hydrogen pressure. The C = C double bonds in soybean lecithin were only slowly reduced, however, at 5 bar H 2 pressure the reaction rate was sufficient to achieve substantial conversion (approximately 20% of all double bonds) in the unsaturated fatty acids.
Introduction
Water is a very special and useful solvent for green chemistry [1] . In environment-concerned processes, it can replace organic solvents, thus preventing pollution [2] . In addition, it is abundant, cheap, nonflammable and has a high heat capacity; this makes it attractive from both economic and safety viewpoints. We initiated the study of aqueous organometallic catalysis several years ago [3, 4] . Due to its protic nature and high polarity water cannot be a general solvent for organic transformations, still, there is an increasing number of publications on practical aqueous organic and organometallic syntheses [5] . In several catalytic processes, the catalyst is made water-soluble by using water-soluble ligands to replace their hydrophobic analogs [6, 7] . A case in point is the use of sulfonated triphenylphosphines, e.g., monosulfonated triphenylphosphine (mtppms) (diphenylphosphinobenzene-m-sulfonate) instead of triphenylphosphine (PPh 3 ) in complex catalysts such as [RhCl(mtppms) 3 ] (the water-soluble analogue of Wilkinson's catalyst) [8] or in [RuH(OAc)(mtppms) 3 ] (OAc = acetate) [9] .
Apart from use in synthetic chemistry, water is the solvent of life. Water-soluble hydrogenation catalysts have gained important applications in the modification of biomembranes by modulating the fluidity of cell membranes by catalytic hydrogenation of their unsaturated lipid constituents [10] . The palladium(II) complex of Alizarin red, [Pd(QS) 2 ] (QS = 1,2-dihydroxyalizarin-3-sulfonate) proved to be a highly active and selective catalyst for the hydrogenation of aqueous lipid dispersions (liposomes) and various cell suspensions [11] . Recent investigations revealed that -in contrast to earlier assumptions -cell membranes are not characterized by a uniform distribution of the various lipids, but contain well distinguishable conglomerates (so-called rafts) of specific lipids around certain proteins [12] . It seemed to us that catalytic hydrogenation could discriminate between the loose and raftbound lipids, especially in cases where the catalyst itself is bound to the rafts. For this purpose we synthesized an Ru(II)-carboxylato complex, [RuH(OOc)(mtppms) 3 ] (OOc = octanoate), with a relatively long aliphatic carbon chain which could help the complex to be incorporated into such rafts, and studied its catalytic behavior, together with that of [RuH(OAc)(mtppms) 3 ] in hydrogenation of liposomes. The latter Ru(II)-hydrido complex has been known for a long time, however, its selectivity for C = C vs. C = O hydrogenation has not been studied yet. In order to obtain information on such selectivity of [RuH(OAc) (mtppms) 3 ] we carried out biphasic hydrogenation of the unsaturated aldehyde (E)-3-phenyl-2-propenal (cinnamaldehyde). [RuH(OOc)(mtppms) 3 ] was not applied as a catalyst for cinnamaldehyde hydrogenation, since due to its lipophilicity, it was expected to move preferentially to the organic phase. The results of these investigations are reported below.
Materials and methods
The following were synthesized as described in the literature: mtppms [13] 
Hydrogenation of liposomes
Soybean lecithin (4 mg) was dissolved in 0.4 ml chloroform. The chloroform was evaporated by an argon stream and 6 ml ion-exchanged water or 6 ml phosphate buffer (pH 6.93) was added. . Alternatively, conversion is defined as conv = 100-x.
Hydrogenation of cinnamaldehyde
A total of 13 mg (0.01 mmol) [RuH(OAc)(mtppms) 3 ] was placed into a glass pressure reactor sealed by a rubber septum, which was subsequently deoxygenated. Deoxygenated ion-exchanged water (3 ml) or 0.2 M aqueous acetate buffer was added under argon, followed by 100 μl (0.8 mmol) cinnamaldehyde. The reaction mixture was vigorously stirred at a temperature of 80°C. After the desired time, the reactor was cooled, 0.5 ml of the reaction mixture was mixed with 1 ml of water and 1 ml toluene, vortexed, centrifuged and the organic phase was filtered through MgSO 4 . The dry organic phase was analyzed by gas chromatography (Agilent 7890A Gas Chromatograph; Chrompack HP-5 30 m × 32 mm × 0.25 µm; FID; carrier gas nitrogen, temperature program: 130°C/6 min, 60°C/min to 250°C, 250°C for 5 min).
Turnover 3 ] is less soluble; however at concentrations required for catalysis (e.g., 4 mg(ml) -1 ) it gives clear solutions.
Hydrogenation of cinnamaldehyde with [RuH(OAc)(mtppms) 3 ] catalyst
Hydrogenation of α,β-unsaturated carbonyl compounds is an important reaction in fragrance and flavor industries and cinnamaldehyde (1) is often used for testing catalysts with regard to their selectivity in hydrogenation of C = C or C = O bonds [18, 19] . Products of the hydrogenation (Scheme 1) can be the saturated aldehyde, 3-phenylpropanal (2), the unsaturated alcohol, 3-phenyl-2-propen-1-ol (3) and the saturated alcohol, 3-phenylpropan-1-ol (4) of which 3 is the most desired compound.
Since cinnamaldehyde is only slightly soluble in water, reactions using an aqueous solution of the catalyst are, in fact, biphasic. According to the literature, aqueous organic biphasic hydrogenation of cinnamaldehyde with Rh(I)-phosphine catalysts usually affords the C = C hydrogenation product 2 [18] while Ru(II)-phosphine catalysts can be 100% selective to the unsaturated alcohol [20, 21] 3, however, the selectivity strongly depends on the pH of the aqueous phase [21] .
We have found that [RuH(OAc)(mtppms) 3 ] catalyzed the hydrogenation of cinnamaldehyde under mild conditions (80°C, 4-7 bar H 2 ) both in water and in aqueous acetate buffer, as solvent, at various pH values. The pressure dependence of the composition of the reaction mixture is shown in Figure 1 . At 7 bar H 2 after 4 h, the conversion of 1 was 52.6% which corresponds to a TOF of 10. Figure, that the major product is the most valuable unsaturated alcohol, 3; furthermore, its yield increased upon increasing the hydrogen pressure, and reached 48% under 10 bar H 2 . Such a beneficial effect of hydrogen pressure on the selectivity of cinnamaldehyde hydrogenation has already been observed with similar Ru(II)-mtppms catalysts [22] . It is also important, that 2 and 4 are formed in < 10% yield, each, even at 10 bar H 2 pressure.
Knowing the pH-sensitivity of cinnamaldehyde hydrogenations, we carried out reactions in 0.2 M acetate buffer solutions of pH 3.6, 4.6 and 5.6. Acetate buffer seemed a reasonable choice, since the catalyst contains an acetato ligand; unfortunately, it does not allow the reactions to be studied at higher pH values. The results are shown in Figure 2 .
The hydrogenations of cinnamaldehyde in acetate buffer were run only for 2 h, so the conversion at pH 5.5 (23.8 %) is only slightly less than half the conversion in water after 4 h (26.4 %) (see also Figure 3 later). In the studied range, the pH has a small but important effect on the rate (Figure 2 ) and product distribution: the yield of 3 increased to 14.8% at pH 5.5. The yield of 2 varied from 3.3% (pH 3.6) to 6.2 % (pH 5.5), while that of 4 remained below 2%, so that at pH 5.5 cinnamyl alcohol was dominant (64%) among all hydrogenation products. The time course of the hydrogenation was investigated with 7 bar H 2 pressure using a 0.2 M phosphate buffer of pH 7.0 as the solvent (Figure 3) . The reaction proceeded with a steady rate and high selectivity. After 5 h at 59.4% cinnamaldehyde conversion, the ratio of 3 to (2+3+4) was 75.4%. After 4 h, the conversion was 33.7% (TOF = 6.7 h -1 ), so phosphate buffer slightly decreased the rate of the reaction relative to the case of water or acetate buffer as solvents; such an unfavorable effect of phosphate buffer has already been detected [23] with similar water-soluble catalysts. In summary, it can be concluded that in aqueous biphasic systems under mild conditions, [RuH(OAc) (mtppms) 3 ] proved to be an active and selective catalyst for the hydrogenation of cinnamaldehyde, a representative α,β-unsaturated carbonyl compound. The major product in all cases was cinnamyl alcohol (3), a valuable chemical for flavor and fragrance industries. 3 ] proved to be a very inefficient catalyst (entry 1); however, at 40°C, approximately 8% reduction of total unsaturation was observed (entry 2). This slow reduction of the C = C double bonds is in accord with the selectivity of these catalysts towards hydrogenation of the C = O function in cinnamaldehyde. Furthermore, the C = C double bonds of lipids are buried inside the double layer of the vesicles and are not freely available to the catalysts [24] . Nevertheless, it should be added here that modification of the fluidity of biomembranes does not require removal of a high percentage of unsaturation, since the cells may disrupt easily as a consequence of increased rigidity of their boundary membranes [25] . In the light of this requirement, 5-8% saturation of the constituent lipids is already sufficient to trigger physiological processes, such as, for example, de novo synthesis of unsaturated fatty acids to counteract the undesirable fluidity change [26] . 3 ] seem to be suitable for hydrogenation of biomembranes under biologically acceptable conditions. Obviously, a great deal of optimization work is still to be done, including the determination of time course of hydrogenations at various H 2 pressures, the effect of other buffers, osmotics and salts present in culture media, survival response of cells to hydrogenation conditions, etc.). Such experiments are in progress in our laboratory and the results will be presented in due time.
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